Background: Early retiring is a major social problem in many western countries. Aim: To investigate whether good cardiorespiratory fitness prevents disability pensioning in Finnish middle-aged men. Methods: Subjects were a random population based sample of 1307 men who were 42260 years old at baseline, had not retired before baseline or died during follow up, and had undergone a cycle ergometer test at baseline. Cardiorespiratory fitness was assessed at baseline with a maximal but symptom limited exercise test on an electrically braked cycle ergometer. Results: During a follow up of 11 years on average, 790 (60.4%) men were awarded a disability pension, only 254 (19.4%) men reached the old-age pension without previous early pension, and 263 (20.1%) men were still working at the end of follow up. After adjustment for age, body mass index, alcohol consumption, smoking, education, occupation, and baseline chronic diseases, an inverse association was observed between cardiorespiratory fitness and the risk of disability pension. Men with VO 2max ,25.98 ml/kg/min (lowest fifth) had a 3.28-fold (95% CI 1.70 to 6.32) and men with the duration of exercise test ,9.54 minutes (lowest fifth) had a 4.66-fold (95% CI 2.43 to 8.92) risk of disability pension due to cardiovascular diseases compared with men in the highest fifths. Men with lowest fitness level also had an increased risk of disability pension due to musculoskeletal disorders, or all reasons combined. Conclusions: Physical fitness is inversely associated with the risk of disability pension and especially with the risk of disability due to cardiovascular diseases.
arly retiring is a major social problem in many western countries; the situation will be worse in the near future as the mean age of the working population is increasing. Thus, there is a need to find strategies to prevent disability and to maintain working ability. Although disability pension is awarded due to a chronic disease, many other factors such as legislation, social and labour policy, work history, and individual factors intervene. [1] [2] [3] [4] In many epidemiological studies non-medical factors have been even more important predictors of disability than medical ones. [5] [6] [7] [8] [9] However, few earlier studies have been longitudinal, and in few of them has disability been measured by awarded pensions. 5 10-13 For prevention of early retirement, more information is needed about the modifiable risk factors for disability. Physical inactivity and poor cardiorespiratory fitness are potentially important modifiable risk factors for disability. It has been estimated that only one third of adult Finns exercise enough to improve their health. 14 Regular physical activity has a number of favourable cardiovascular, musculoskeletal, metabolic, hormonal, neurological, respiratory, and mental effects, and it delays many physical ageing processes and increases functional capacity. 13 15-19 Moreover, physical activity and good cardiorespiratory fitness have been associated with a reduced risk of cardiovascular diseases. 15 18 20 21 Of musculoskeletal diseases, physical activity or good physical fitness have been observed to prevent osteoporosis, [22] [23] [24] and they may also reduce the risk of low back and neck-shoulder disorders. 16 19 24 25 In osteoarthritis high dose physical activity may promote the degeneration process of the injured joint, 24 26 27 but at moderate level of activity the degeneration process of the joint may be prevented. 28 29 Physical activity has been shown to be associated with reduced symptoms of depression, but the evidence is not strong. 30 Although there is a considerable amount of evidence about the health effects of regular physical activity and good physical fitness, there are no previous prospective population based studies concerning the association between cardiorespiratory fitness and the risk of disability pension. We therefore investigated the associations of two measures of cardiorespiratory fitness, maximal oxygen uptake from respiratory gas exchange analysis and the duration of a cycle ergometer exercise stress test, with the risk of disability pensions due to cardiovascular, musculoskeletal, and mental causes, ascertained using pension registers that cover all Finnish citizens, in a representative population based sample of middle-aged men from eastern Finland.
METHODS

Subjects
Subjects were the participants of the Kuopio Ischaemic Heart Disease Risk Factor Study (KIHD), 31 an ongoing population based study, the aim of which is to investigate risk factors for chronic diseases and related outcomes. The subjects are a randomly selected sample of men living in the town of Kuopio or surrounding rural communities in eastern Finland. The men were 42, 48, 54, or 60 years old at baseline examinations between March 1984 and December 1989. Of 3235 eligible men, 2682 (82.9%) participated. Men who had retired before the baseline (n = 898), had a non-illness based pension (n = 331), had died during follow up (n = 29), or did not do the cycle ergometer test (n = 117) were excluded. Thus, the final study population included 1307 men, of whom 94.3% (n = 1233) were full time workers, 1.6% (n = 20) were part time workers, 3.2% (n = 42) were unemployed, and 0.9% (n = 12) were laidoff from work at baseline.
Assessment of cardiorespiratory fitness
Cardiorespiratory fitness was assessed at baseline between August 1986 and December 1989 with a maximal but symptom limited exercise test on an electrically braked cycle ergometer, as explained in detail previously. 15 For 318 (24.3%) men who were examined before June 1986, the testing protocol comprised a three minute warm up at 50 W followed by a step by step increase in the workload of 20 W per minute. The remaining 989 (75.7%) men were tested with a linear increase in the workload of 20 W per minute. 18 The electrocardiogram (ECG) was registered continuously during the exercise stress test. The exercise tests were supervised by an experienced physician and assisted by an experienced nurse to obtain reliable information about exercise test variables, and also for safety reasons. The exercise tests were performed between 8 and 10 am. Oxygen consumption was measured using respiratory gas exchange analysis. The maximal oxygen uptake (VO 2max ) was defined as the highest value for or the plateau in oxygen uptake and was indexed by body weight (in ml/kg/min). The duration of exercise test was used as another measure of cardiorespiratory fitness.
Measurement of early retirement
The cohort was linked to the pension registers of the Social Insurance Institution, the Central Pension Security Institute, and some smaller pension institutions covering all the pensions of these subjects from baseline until 31 May 2000. The Social Insurance Institution is responsible for the basic social security provision for disability of every Finnish citizen from the age of 16 to 65 years. The Central Pension Security Institute is the statutory central body of the private sector pension institutions.
In Finland, when a person becomes ill and the illness causes a disability, the first step is to claim sickness allowance. The disability pension is applied if disability continues over 300 days. The individual early retirement pension is another form of a disability pension that can be applied if a person is at least 58 years old, she/he has some chronic disease reducing working capacity, and work history is long. Eligibility for both pensions requires a comprehensive medical certificate written by the attending physician and approved by an expert adviser on behalf of the Social Insurance Institution and the Central Pension Security Institute. The first diagnosis on the medical certificate made by an attending physician was regarded as the main cause of disability. In this study disability pension includes both the usual disability pensions and the individual early pensions.
Assessment of other variables
The assessment of occupation, education, 32 smoking, 33 body mass index, 34 and alcohol consumption 35 has been explained in detail previously. Chronic diseases diagnosed by a doctor were inquired in the questionnaire at baseline. The diseases were classified as follows: (1) cardiovascular diseases (coronary heart disease, cardiac insufficiency, hypertension, claudication, stroke); (2) musculoskeletal disorders (back problems, osteoarthritis); (3) mental disorders; and (4) other chronic diseases.
Statistical methods
Statistical analyses were performed using SPSS 10.0 for Windows. The associations of VO 2max and the duration of exercise test with the risk of disability pension were analysed using logistic regression analysis. 36 VO 2max and the duration of exercise test were categorised into quintiles, and men in the highest quintile were used as a reference group. Age, education, occupation, body mass index, alcohol consumption, smoking, and corresponding baseline disease (cardiovascular, musculoskeletal, mental, or other disease) were used as potential confounders. Table 1 shows characteristics of the subjects. Men who had been awarded disability pension had a lower VO 2max and a shorter duration of exercise test than men who were still working or had been at working life up to a normal old age pension. Moreover, they were older, smoked a little more, were less educated, were more likely blue collar workers, more likely had some cardiovascular disease or musculoskeletal or mental disorder, and had a slightly higher body mass index than the men in the reference group. Only 16.7% (n = 218) of the men did not have any chronic disease at baseline.
RESULTS
Characteristics of the subjects
Retirement during follow up
Of 1307 men, 790 (60.4%) were awarded a disability pension during follow up, 254 (19.4%) retired at the normal pensionable age of 65 years, and 263 (20.1%) were still working at the end of follow up. The main medical diagnoses for disability were musculoskeletal disorders (n = 310, 39.2%), cardiovascular diseases (n = 226, 28.6%), and mental disorders (n = 108, 13.7%) (table 1).
Cardiorespiratory fitness and other characteristics VO 2max had a strong inverse association with age, body mass index, smoking, and the prevalence of cardiovascular diseases at baseline (table 2) . Moreover, the subjects with a low VO 2max were less likely to have a high school or middle school education than those with a high VO 2max The duration of exercise test was correspondingly inversely associated with age, smoking and the prevalence of cardiovascular diseases (data not shown).
Cardiorespiratory fitness and the risk of disability pension After adjustment for age, education, occupation, alcohol consumption, smoking, and prevalent diseases at baseline, VO 2max and the duration of exercise test had an inverse association with the risk of all disability pensions combined (table 3) . Lower VO 2max and shorter duration of exercise test was most strongly associated with the risk of disability due to cardiovascular diseases (odds ratio 3.58, 95% confidence N In the present study even moderate levels of physical fitness were associated with a decreased risk of disability pension; this was most clearly seen in cardiovascular diseases.
Policy implications N More attention should be paid to improvement of cardiorespiratory fitness by physically active lifestyle in the working aged populations. interval 1.91 to 6.70, and odds ratio 4.56, 95% CI 2.40 to 8.65, respectively). Poor cardiorespiratory fitness was also associated with an increased risk of disability pension due to musculoskeletal disorders, and also showed a weak inverse association with disability due to mental disorders (table 3) . Values are either means (standard deviations) or percentages. *Cardiovascular diseases include coronary heart disease, cardiac insufficiency, hypertension, claudication, and stroke. ÀMusculoskeletal disorders include back problems and osteoarthritis. Mental disorders include those diagnosed by doctor or severe psychic illnesses that required hospitalisation. 1Other chronic diseases include chronic bronchitis, bronchial asthma, farmer's lung or other pneumoconiosis, lung tuberculosis, diabetes, epilepsy, thyroid illnesses, liver or pancreatic diseases, cancer, and rheumatoid arthritis. ôOther reasons include respiratory, metabolic, dermatological, digestive tract, eye and ear diseases, injuries, cancers, malformations, and non-classifiable diseases.
DISCUSSION
The novel finding of this prospective population based study is a strong association between poor cardiorespiratory fitness and an increased risk of disability pension. A low VO 2max and a short duration of exercise test were associated with an increased risk of disability pension, especially due to cardiovascular diseases, but also due to musculoskeletal disorders, when other potential risk factors were controlled for.
Physical activity and cardiovascular fitness have been shown to have favourable effects on cardiovascular and musculoskeletal systems. 13 16 17 37 There is epidemiological evidence showing that regular physical activity and good cardiorespiratory fitness are effective in the prevention of cardiovascular diseases and premature mortality. 18 20 38-40 In the same population study of middle-aged Finnish men we have previously found that good cardiorespiratory fitness is associated with a reduced risk of coronary heart disease, 15 and with reduced overall, cardiovascular, and non-cardiovascular mortality. 18 Physical exercise promotes musculoskeletal health by preventing osteoporosis, 22 and with moderate dosing probably also low back and neck-shoulder disorders 16 19 24 25 as well as osteoarthritis of non-injured joints. 24 26 27 In addition to prevention of musculoskeletal diseases, physical activity appears to be favourable in the treatment of osteoporosis, 22 chronic low back disorders, 24 41 and osteoarthritis.
14 24 27 42 There is much less evidence of the primary and secondary prevention of mental disorders by physical activity and physical fitness. Two earlier studies showed a reduction in symptoms of depression attributable to both aerobic and resistance exercise. 30 43 Thus, there exists relatively good evidence of the health effects of physical exercise and cardiorespiratory fitness with respect to cardiovascular and some musculoskeletal disorders. However, disability pension has multifactorial aetiology and a preceding disease explains only a part of it. [6] [7] [8] [9] There are few earlier studies on the role of cardiorespiratory fitness or physical activity in the prevention of work disability or in maintaining work ability. In a Finnish longitudinal study, physical exercise predicted a good work ability index. 44 In the same study cardiorespiratory capacity correlated with work ability in subjects with no musculoskeletal disorders, but not in those who had musculoskeletal or cardiovascular disease. 45 During the past decade there has been a considerable amount of effort in occupational health services to promote work ability by carrying out different exercise intervention programmes. At the moment there is a strong evidence of their positive effects on physical activity 46 47 and musculoskeletal disorders 48 49 provided that individual support is included in these programmes. 50 51 The strengths of the present study include the representative population based sample of men at the age of high occurrence of disability pension and the long follow up time of the study. Cardiorespiratory fitness, an objective marker of physical activity, was assessed accurately at baseline by a direct measurement of VO 2max during a maximal symptom limited exercise stress test on a cycle ergometer, a method that is widely used in clinical practise. However, the exercise test was performed only once and it is possible that cardiorespiratory fitness may have changed during follow up. We had reliable data on disability pension decisions, since the pensions were ascertained using pension registers that cover all Finnish citizens. Extensive measurements of risk factors at baseline enabled us to control for the potential confounders comprehensively. Although we carefully adjusted for a number of possible confounders, there may still be some residual confounding. It is, however, unlikely that this would explain the observed relations. In the present study, only men were examined and these findings cannot be directly generalised to women.
Over 80% of the middle-aged men in the present cohort had at least one chronic disease at baseline, which provides one explanation for the high incidence of disability pension during follow up. Previous studies have shown that the prevalence of chronic diseases in eastern Finland is higher than in other parts of Finland 52 ; on the other hand the incidence and mortality from coronary heart disease in Finland is among the highest in the world. 53 The high prevalence of chronic diseases and the high incidence of disability pension during follow up can also be explained by low educational level and heavy occupations in the present cohort. The incidence of disability pension during the follow up period in the present study is of about the same grade as in Finland generally. 1 It is, however, difficult to make international comparisons because the age of the subjects and the length of follow up varies between the studies. 13 54 Early retiring is a significant social problem in western countries. Methods to prevent early retiring and to maintain working ability are needed. More prospective studies are needed to investigate the effect of physical activity, cardiorespiratory fitness, and exercise intervention programmes in the prevention of early retiring. In the present study even moderate levels of physical fitness were associated with a decreased risk of disability pension, especially due to cardiovascular diseases. Consequently, more attention should be paid to improvement of cardiorespiratory fitness by physically active lifestyle in the working age population.
